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Introduction
Fiber-optic transmission systems (VPS) are understood as a set of active and passive devices designed to
transmit messages over distances over optical fibers(s) using optical waves and signals. In other words, VSP is a set of optical devices and optical transmission lines that provides the formation, processing and transmission of optical signals.The physical medium of optical signal propagation is fiber-optic cables.Currently, wavelengths are used to construct the VSP from 0.8 microns to 1.65 microns. In the future, it is planned to develop longer waves – 2.4 and 2.6 microns, called infrared radiation or optical radiation. Fiber-optic data transmission systems have become widespread due to the following advantages:
- high noise immunity, insensitivity to the influence of external electromagnetic fields and almost complete absence of mutual influences between individual fibers;
- high bandwidth and consequently a significant increase in the number of channels;
- smaller by an order of magnitude the weight and dimensions of the equipment, which reduces
cost;
- complete electrical isolation between the input and output of transmission systems, reliable safety due to the absence of a short circuit when the cable breaks;
- long lengths of regeneration sites;
- low copper consumption and low cable cost in the future;
- high security against unauthorized access.
The disadvantages include the low mechanical strength of optical fibers and the dependence of the transmission characteristics of the optical cable on mechanical deformations during laying and installation.The development of VSP takes place in two main directions.The first is the development and implementation of new fiber–optic technologies that increase the efficiency of VSP. On long-distance communication lines, the main attention will be paid to increasing the speed of information transmission,
by increasing the length of regeneration sections, increasing reliability and using technologies with spectral compaction.The second is the creation of lines that use nonlineanproperties of S, providing a soliton propagation mode.The soliton is the pulse most suitable for transmission over the S, since it propagates over long distances without changing the shape and duration. This will increase the length of the regeneration sites to 1000 km.










Lecture 1. Classification and principles of construction of opticaltransmission systems
The purpose of the lecture: to consider the principle of creating fiber-optic transmission systems and its components.Recently, optical communication systems (OSS) have become widespread in communication and cable television systems, data transmission and control systems, in on-board equipment, etc. According to the length of the OSS can be divided into three groups: local (intra-object), medium-length and trunk. Local OSS are used in data transmission networks, inside enterprises, on mobile objects of civil and military purposes, in computing complexes. Medium-length OSS is used for digital integrated service networks and for tactical military communications. Backbone OSS are used for long-distance multi-channel communication, on trunk and intra-zone systems and networks. To transmit information in modern OSS, time and frequency channel separation methods are used. An electrical signal generated by one method or another modulates the optical carrier source of optical radiation. Since the electric current at the output of the photodetector (photodiode, avalanche photodiode) is proportional to the power (intensity) of the received light flux, then modulation of the intensity of the optical carrier is applied, in which the amplitude of the modulating electrical signal determines the radiation power of the optical source. Basically, all modern OSS are digital, pulse-code intensity modulation (ICMI) is most often used, since at the same time, the requirements for the linearity of the amplitude characteristics of optical radiation sources and receivers are significantly reduced. The block diagram of the digital OSS is shown in Figure 1.The main elements of the system are the optical linear path and terminal devices — transmitting and receiving stations.]gtAt the transmitting station, N primary digital electrical signals (the main digital channels of the BCC) with an information transfer rate of 64 kbit/ s enter the terminal equipment of a typical multichannel transmission system (MSP). From the output of the ICP, a group N-channel electrical signal is fed to the interface device (encoder), where it is converted into the form most convenient for transmission along the linear path. Further, in the optical transmitter, the electrical signal is converted into an optical signal by modulation of the optical carrier and transmitted over the S in a linear path.
[image: ]
Figure 1 - Block diagram of the digital OSS
At the receiving station, the reverse conversion of the received optical signal into N primary digital electrical signals takes place. To do this, an optical receiver, an interface device (decoder) and terminal equipment of a typical SME are used sequentially. Optical signals propagating through the S are attenuated dueto losses in the cable itself, as well as losses due to the connection of the construction cable lengths and losses in the detachable connections (terminal switching points for connecting equipment). Also on the spreading the optical signal is greatly influenced by dispersion. It increases the noise in the transmission channel and causes code errors during reception. If the receiving and transmitting stations are separated by a large distance from each other, it may be necessary to install one or more intermediate relay devices additionally. Linear regenerators and optical amplifiers are used as such devices (Figure 2).The linear regenerator (Figure 2, a) restores the original shape of the optical signal. Since, with the existing element base, it is advisable to compensate for attenuation and correction of distortion with electrical signals, a linear regenerator consists of an optical receiver, an electronic regenerator and an optical transmitter. The input optical signal is first converted into electrical form, amplified and corrected, and then again it is converted into an optical signal.The optical amplifier (Figure 2, b), unlike the regenerator, does not performs optoelectronic conversion, and performs direct amplification of the optical signal.
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a) linear oscillator; b) optical amplifier.
Figure 2 - Diagrams of relay devices
The original waveform is not restored, which is a significant disadvantage of the optical amplifier. However, in some cases, in practice, the use of optical amplifiers is very effective.When building cable television networks, analog OSS are used, in which an optical transmitter converts a broadband analog electrical signal into an analog optical signal, and an optical receiver converts the reverse.In this case, the amplitude characteristics of the terminal devices should have the analog relay device mainly performs the function of an amplifier, which, together with a useful signal, also amplifies the input noise.The considered block diagram is designed to transmit signals in one direction over one optical fiber(S),which is an analog of a two-wire electrical line. For counter transmission, another set of terminal and linear devices and a second S are required. Usually, signals are transmitted in both directions in the same optical range (which achieves uniformity equipment), and the S are combined in one optical cable (OK),since there are practically no mutual influences between them. Thus, the OSS are single-band and single-cable.

Lecture 2. Sources of optical radiation
The purpose of the lecture: to show the main elements of the transmitting module.Consider the differences between laser and light-emitting diodes. Their main characteristics.Light-emitting diodes (LEDs) and laser diodes (LDS) are used as transmitting optical modules (POMS). The basis of their work is injection electroluminescence, which is radiative recombination of carriers (electrons and holes) injected into the active region of the semiconductor. Radiation sources must meet the following requirements:
1) The wavelength of the radiation must coincide with one of the transparency windows.
2) The design of the source must provide a sufficiently high output radiation power and its effective input into the S.
3) The source must have high reliability and long service life.
4) Overall dimensions, weight and power consumption should be minimal.
5) The simplicity of the technology should ensure low cost and high reproducibility of characteristics.
Let's give a comparative characteristic of the light-emitting and laser diode. Light emitting diode (LED). The principle of operation of LEDs is based on the phenomenon of recombination of charge carriers in the active layer.Recombination is a phenomenon opposite to ionization, that is, the disappearance of free charge carriers of opposite signs when they collide.
[image: ]
Figure 3 – LED construction
When a forward bias is applied to the electron-hole transition, electrons and holes penetrate into the active layer from adjacent passive layers and experience spontaneous recombination,accompanied by light emission. The light propagates in all directions, so the radiation at the LED output is incoherent and weakly directed. The width of the radiation spectrum Δλ = 20-40 nm. A laser diode (LD) is a coherent light source.His work is based on the spontaneous emission of a semiconductor covered by a volumetric resonator.The laser consists of an active medium (1), a pumping device (2) and resonance system(3).
[image: ]
Figure 4 - LD construction
A semiconductor is mainly used as an active medium.Electric energy is used as a pumping device. As a
resonant system – mirrors.Under the influence of the applied voltage, carriers are excited in the semiconductor, which causes the emission of light energy and the appearance of a photon flux. This flux, repeatedly reflected from the mirrors of the resonant system, forms a laser beam with an acutely directional radiation diagram.
Table 1 - Comparative table of LD and LED
[image: ]
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Figure 4 - Comparative characteristics of LED and LD
The radiation pattern is the angular distribution of the energy brightness (density) of the radiation source. The brightness does not remain constant within the beam of rays. It is maximal on the beam axis and decreases according to a certain law in the directions forming increasing angles with the axis.
[image: ]
Figure 5 - Dispersion of optical radiation
If the dimensions of the radiation surface of the source are larger than the diameter of the core of the S, part of the radiation power does not fall into the S, but is scattered in the surrounding space. Input losses for LEDs are (10-16) dB, for DL – (5-7) dB. It is possible to increase the efficiency of the input by using an optical matching device, which is installed between the radiation source and the end of the S. The SU is a magnifying lens that equalizes the half-width of the radiation source radiation pattern with the aperture angle of the s.Among the main parameters of radiation sources that determine the possibility of their use in VSP are:
- average radiation power when operating in continuous mode;
- the wavelength of the radiation;
- divergence angles of a beam of light rays;
- the width of the radiation spectrum;
- service life (time to failure).
Therefore, the optimal radiation sources for VSP are LDS. High radiation power and small beam divergence angles make it possible to transmit signals over a distance of tens of km without amplification.In high-speed VPS, to reduce chromatic dispersion (increase the length of regeneration sites), it is necessary to use single-mode LDS. However, their disadvantage is the complexity of manufacturing and, accordingly, the price. Multimode LDS have more than modest technical indicators, but from the point of view of "price-efficiency" they are out of competition on trunk and zone networks, where very high transmission speeds are not required. LEDs have the following advantages: simpler, cheaper, have high durability, sufficiently high temperature stability of parameters. However, the large divergence of the beam (incoherence of radiation), a wide spectrum of radiation, and limited speed significantly narrow the scope of LED applications. They are used in small and medium-length lines.The elements of the optical transmitter are structurally combined into a compact device – the transmitting optical module POM
Lecture 3. Modulation of radiation sources 
The purpose of the lecture: to study the types of modulation of the optical signal.To transmit information over an optical fiber, it is necessary to change the parameters of the optical carrier depending on the changes in the original signal. This process is called modulation. Radiation modulation is a change in the parameters of an optical carrier according to the law of information oscillation.VSP uses direct (direct) and external modulation of electromagnetic radiation of the optical range.The simplest type of modulation from the point of view of implementation is direct modulation of the optical carrier by intensity based on a semiconductor radiation source. The radiation intensity is the average power carried by a wave in one second through a wave surface with an area of one square meter. The output radiation of a semiconductor LED or laser can be directly modulated by changing the characteristics of the active layer (pump/injection current, laser resonator volume) as follows,to get the modulation of the radiation power. Most often, with direct modulation , the output power changes due to a change in the magnitude the pump-injection current strength, depending on changes in the information signal.
[image: ]
Figure 6 - The principle of direct modulation
If an electric digital signal is used as a modulating signal, an optical signal with two discrete power values Pmax and Pmin is generated at the output of the source.
Pmax – corresponds to "1" of the information signal.
Pmin – corresponds to "0" of the information signal.
When the intensity is modulated, a linear section of the current-voltage characteristic of the emitter is selected.The signal at the source output is defined by the expression:
[image: ]
where M is the modulation depth parameter;
S(t) - modulating signal;
Po is the constant radiation power corresponding to the bias current.
[image: ]
The value of the modulation depth parameter m up to 0.9 (90%) is achievable, however, nonlinear distortions begin to manifest themselves.Nonlinear distortions lead to distortion of the waveform and a change in its spectrum during modulation. In the spectrum, in addition to the frequency of the main signal ω, there are also second and third harmonics with frequencies 2ω and 3ω.In the spectrum after demodulation, in addition to 2ω and 3ω, combinational products appear that completely overlap the useful signal, and if the amplitude of such interference is commensurate with the amplitude If there is no signal, then it is extremely difficult to isolate such a signal. Therefore, indicators have been introduced for the distortion to assess the nonlinearity: the attenuation of nonlinearity by the second and third harmonics 
[image: ]
Figure 7 – Digital signal modulation of the power of the radiation source
External modulation.External modulation is based on changing the radiation parameters when a light beam passes through a medium.
[image: ]
Figure 8 - The principle of external modulation
In a number of materials that transmit optical waves, it is possible to change the parameters of wave processes. The change is achieved by external influences in relation to the material: changes in the intensity of the electric or magnetic field, mechanical or acoustic pressure. All these effects can be accompanied by changes in the parameters of optical waves (wavelength, intensity, polarization, direction of propagation). Among the effects of external modulation of optical waves , the electro-optical and acousto-optical effects have received the greatest application in optical communication technology. The acousto-optic effect is the phenomenon of diffraction, refraction, reflection and scattering of light on periodic inhomogeneities of the medium caused by elastic deformations during the passage of an acoustic wave.Acoustic waves are excited in a substance by means of a piezo crystal, to which a signal is supplied from a modulating signal generator with high acoustic power. The AOM scheme is shown in Figure 9. In the manufacture of acousto-optic modulators (AOM) , crystals of TeO2 (tellurium dioxide), PbMoO4 ( lead molybdenum), LiNbO3 (lithium niobate) are used.
[image: ]
Figure 9 – Modulator diagram
As a result of acoustic wave propagation, periodic layers of refractive index changes are formed, moving
at the speed of sound. Since the speed of sound is much less than the speed of light,then in the first approximation for the problem of light diffraction, layers can be considered the refractive indices are fixed and quasi-stationary, that is, they do not have time to shift significantly during the passage of light. Horizontally oriented lines with the same refractive index form a diffraction grating. When falling on a diffraction grating, the light wave will be deflected if the diffraction conditions are met. The input and output beams have the same angle of inclination to the surface, the new direction of the beam takes place only at Bragg angles:
[image: ]
where  is the wavelength of light inside the AOM;
sv = v/fS, v is the velocity of the sound wave in the substance;
fs is the frequency of the modulating signal.
The light beam is directed at the Bragg angle to the normal intensity I0 at the input of the modulator in the absence of diffraction and the intensity of Im at diffraction maxima - during diffraction. In the case of Bragg diffraction , all the diffraction maxima except the first one disappear, and in this case the maximum of the first order is the output channels. The intensities of Bragg diffraction light spots depend on the power of acoustic waves. By changing the pitch of the grating and its depth by changing the frequency and amplitude of the acoustic wave, it is possible to modulate the light. The electro-optical effect consists in changing the optical properties of some materials (for example, lithium niobate LiNbO3) under the influence of an electric field created by a source of a modulating signal. Electro optical modulation can occur on the basis of the linear Pockels effect and the nonlinear Kerr effect.
Lecture 4 . Receiving optical modules
The purpose of the lecture: to consider the main elements of the receiving optical module (PROM). The main characteristics of the photodetector. Receiving optical modules converts an optical signal into an electrical one. The receiving optical module contains the main elements: a photodetector, an optical receiving device, electronic circuits for amplification and processing of an electrical signal, stabilization circuits. The main element of Pr.The OHM is a photodiode that plays the role of the photodetector.The detector's function is to convert the input optical signal into an electrical one, which is then amplified and processed by electronic circuits. The photodetector must accurately reproduce the shape of the optical signal without introducing additional noise.
Therefore, the following requirements are imposed on photodetectors:
1) They must have the necessary broadband, dynamic range and sensitivity.
2) Have small size and reliable connection with fiber.
3) Be insensitive to changes in environmental parameters.
4) Have a long service life and minimal cost.
Semiconductor photodiodes meet these requirements most fully. Its principle of operation is based on an internal photo effect. The absorbed photon gives birth to a pair of new charge carriers – an electron and a hole. Otherwise, it means that, being absorbed by an atom, a photon excites an electron and passes it from the valence band to the conduction band. As a result of the absorption of a quantum of light , a current pulse flows in the external circuit of the diode, the magnitude of which depends on the intensity of the luminous flux.
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A weakly alloyed n-type conductor is located between thin layers of highly doped p+ and n+ type semiconductors (the "+" sign means strong doping). At the reverse bias voltage, a depleted i-region is formed in a weakly alloyed layer. The electric field is concentrated mainly in this area, because its resistance is much greater than the resistance of p+ and n+ layers.As a result of absorption of photons of incident radiation, electron-hole pairs are formed in the pin structure. In the i-region, rapid separation occurs under the action of a strong electric field charge carriers, which ensures a high speed of the process of converting optical radiation into electric current. 
Main Features:
1) Quantum efficiency – n is a coefficient that takes into account that, as a rule, not all absorbed light quanta lead to the appearance of current pulses. This is explained by the fact that the energy of the absorbed quantum may not be sufficient for the transition of an electron from the valence band to the conduction band.
[image: ]
2) The time constant - τ - characterizes the speed of the photodiode. With its help, the transmission width of the photodetector is determined.It depends on the mobility of the charge carriers, the width of the p-n junction zone,and the wavelength.
3) Current sensitivity is the total efficiency of converting light power into electric current.
[image: ]
where q is the value of the carrier charge;
 (h·f) is the energy of light.
4) Dark current is the current flowing through the load in the absence of optical radiation. This current causes shot noise and limits the sensitivity of the optical receiver. The magnitude of the dark current depends on the semiconductor material, temperature, and the design of the PD. PrOM is a device consisting of a photodetector and a pre-amplifier. With an increase in the communication range, the power of the incident radiation decreases so much that at the output of the amplifier the total noise turns out to be unacceptably greater than the useful signal. If an avalanche photodiode is used as a photodetector LFD, then, by changing the bias voltage applied to it , the avalanche multiplication coefficient of the photodiode can be adjusted. This allows you to expand the dynamic range of the PROM.On trunk lines, they tend to increase the distance between relay devices, which requires maximum sensitivity of the receiver. Therefore, LFD is used. The simplicity and reliability of PD allow them to be used in all cases when they meet the requirements for sensitivity. The main parameter of the optical receiver is the threshold sensitivity – the minimum allowable power level of the received optical signal:
For a given error probability (for a given signal-to-noise ratio), the threshold sensitivity depends on the information transfer rate, the type of FD and the pre-amplifier. The FD and the pre-amplifier are structurally combined into a receiving optical module of the PROM. Radiation is introduced through the segment The OV to which the external OV of the cable is connected using the connector. The resolver evaluates the values of the transmitted symbol 1 or 0. To do this , the output signal is periodically gated at a clock frequency in the resolver amplifier and comparison of the received reference with the threshold. When the threshold is exceeded, a rectangular pulse is generated in the signal generator . The TCB clock synchronization device extracts clock frequency synchro pulses from the received signal and generates short pulses, with the help of which the signal is gated at the most convenient moments.
[image: ]
Lecture 5. Optical amplifiers and regenerators
The purpose of the lecture: to consider the types of amplifiers and regenerators.To transmit a signal over long distances, it is necessary to use amplifiers and regenerators. Consider these devices. In general, the regenerator performs the function of amplifying the optical signal, and additionally (with digital transmission) can restore the shape of pulses, reduce noise and eliminate errors. The regenerator can be represented as a series of connected receiving and transmitting optical modules.
[image: ]
Modern high-speed networks are distinguished not only by high transmission speeds (up to STM-64), but also by long lengths of non-regenerative sections. This was made possible by the use of optical amplifiers (OP amps). A number of requirements are imposed on the amplifiers used in the VSP:
 high gain in a given range of optical frequencies;
 small intrinsic noises;
 insensitivity to polarization;
 good matching with fiber optic lines;
 minimal distortion of optical signals;
 large dynamic range of input signals;
 required amplification of multi-wave optical signals;
 Long service life.
Semiconductors or S with impurities are used as the active medium. In the future, it is planned to use a conventional fiber operating in a nonlinear mode. The principles of operation of these OUS are very complex. Therefore , we will limit ourselves to a general characteristic. Semiconductor amplifiers are divided into traveling wave amplifiers (UBV) and Fabry-Perot amplifiers (UFP). They are distinguished by economy, simple design, high gain (25...30 dB). Until recently, semiconductor amplifiers were considered the most suitable for operation in the 2nd transparency window. However, recently there have been reports of successful developments of amplifiers for the 3rd window. An important feature of UFPs is that they can always be rearranged to amplify only at one specific wavelength. This allows them to be widely used in optical switches and demultiplexers for wavelength separation.In the second type of op-amp, forced Raman scattering (WRC amplifiers) and forced Mandelstam-Brillouin scattering (VRMB amplifiers) are usually used.
[image: ]
These nonlinear effects make it possible to convert partof the energy of a powerful pumping wave into a weak signal wave. With a small input signal, the op amps provide amplification up to 40 dB in the 2nd and 3rd transparency windows. In VRMB amplifiers, the output signal is concentrated in a narrow range (less than 100 MHz), i.e. they can be used for narrowband amplification, while WRC amplifiers are sufficiently broadband (5-10 THz) and can be used in wave multiplexing systems to amplify several signals on different optical carriers at once (multiple wave channels). However, large transient interference between the amplified channels is a significant drawback of the amplifiers. The main element of the third type of op-amp is the OP-Amp doped with rare earth metals (impurity op-AMP). Metal ions create an active medium for amplification in certain wavelength bands that correspond to the absorption bands of alloying metals.  Three rare earth metals are commonly used: neodymium (Nd), praseodymium (Rg) and erbium (Eg). Op-amps using the first two metals (they are called NDFA and PDFA, respectively) work in the 2nd transparency window. Currently , they find limited practical application.Erbium amplifiers (EDFA) provide a wide gain band (up to 40.8 nm) in the 3rd transparency window, which is especially important when creating fully optical VPS with wave multiplexing. However, their signal gain significantly depends on its input power and wavelength, therefore, to obtain the most flat Gain characteristics it is necessary to use various equalizing filters. In the best industrial EDFA amplifiers, the gain reaches 40 dB in the 1530...1570 nm band with an uneven characteristic of 0.6...1.5 dB. EDFA amplifiers with a working band of 84.3 nm (1530... ...1614 nm) in the 3rd and 4th transparency windows have already been developed. A comparative analysis of the LR and OU parameters allows us to draw some conclusions. LR regenerates the digital optical signal, but has a complex design and, as a result, high cost and relatively low reliability. In addition, the LR is usually designed to operate at a certain information transfer rate and does not allow simultaneous transmission of several wave channels, which makes it difficult to use it in a wave multiplexing OSS. The op-amp has a simple and highly reliable design, and its cost is constantly decreasing. It is not tied to the speed of information transmission, which allows you to increase the bandwidth of existing OSS without significantly increasing equipment costs. The creation of modern super-heavy engines is impossible without LR. However, in some cases, the use of op-AM is very effective. This, first of all, applies to intra-zone OSS on a single-mode OK with low dispersion at relatively low information transfer rates. High reliability of the op-amp is an important advantage when creating relay devices for underwater OSS. Very effective is the joint use of LR and OP (and in some cases, dispersion compensators) on high-speed super-stretched OSS. In them, there may be from 4 to 8 linear op-amps per LR. The latter are used not only as relay devices. They are often installed directly behind the optical transmitter, providing a high signal level (boosters), directly in front of the optical receiver (preamps), as well as inside or at the output of devices that introduce unwanted losses (for example, dispersion compensators).
Lecture 6. Methods of compaction of VOLS
The purpose of the lecture: to study the existing methods of compaction. There are the following methods of compaction:
 temporary (at the level of electrical signals; at the level of optical signals);
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M3ITyYCHHS
Buewnas mooynayus.
1 BHeuHsas MOAYNALMS OCHOBAaHA HA M3MCHEHHH MAapaMETPOB H3IyHCHHS
TPU IPOXOXKACHUH CBETOBOTO JIy4a Yepes Kaky-Ine0 Cpeay.
VicTouHmk vi OnTuueckuit
npasnaemas MOAYNNPOBaHHI CUTHan
wanydenus du3nyeckan )
cpepa
12

VicTounmk
Moaynvpylowero
curHana

Pucynok 8 - IIpuniun BHenIHeit Moy IAIUK

B psze MarepnanoB, NpOMYCKAIOIMX ONTHYECKHE BOJHBI, CYIIECTBYET

BO3MOXKHOCTh H3MEHEHHs I1apaMeTPOB BOJIHOBLIX Tpoleccos. M3meHeHue

JIOCTMTaeTCs BHEIIHUMHM M0 OTHOIICHWIO K Marepuaiy BO3ACHCTBUAMU:

0 U3MEHEHMEM  HANPSHKEHHOCTH  3JIEKTPMYECKOTO MIIM  MAarHUTHOIO  TOJS,

s n iAW 5O © & =
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Pucynok 9 — Cxema MozynsTopa

B pesymstate pacmpoc

TPAHEHHs AKYCTHYECKOH BOJIHBI

obpazyrores
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mpenomieHns  00pasyloT AupakuHoHHYl0 pemeTky. [Ipu mageHuM Ha
JUOPAKIMOHHYIO PEIIETKY CBETOBas BOJHA OyJeT OTKIOHATHCS, €CIH
BBITNIOJTHEHB! YCIOBHS AM(pPaKiun. BXOIHOI ¥ BBIXOIHON JIy4H HMEIOT OJMH U
12 TOT K€ YroJl HAaKJIOHA K MOBEPXHOCTH, HOBOE HANpaBIICHHE Jy4a MMEET MECTO
TONBKO NpH yriax bparra:
QW=7
sin ——
A
T A - JUINHA BOJIHBI CBETA BHYTPH Al
Ay = V/fs, v — cKOpPOCTb 3BYKOBOIT BOJIHBI B BEILECTBE;
f, — wacroTa MOJYIHpYIOLIEro CHIHAA.
13
Jlyu cBera HanpaBnsiercs moj yriaoM bparra k HOpMaIM HHTEHCHBHOCTbIO
Ip Ha BXOJE MOZYNATOpAa B OTCYTCTBHH AM(PAKLMH M MHTEHCHBHOCTHIO I B

UPAKIHOHHBIX MaKCHMyMax - npu audpakiuu. B ciydae mudpaxuun Bparra
MCYE3aI0T BCE MAKCHMyMbl XM(PAKIWMH, KPOME MEpPBOro, NMpHYeM B JaHHOM
clydae MAaKCHMyM IIEPBOTO  IOPsKA  SIBJSETCS —BBIXOAHBIM  KaHalaM.
VIHTEHCHBHOCTH CBETOBBIX NATeH Au(pakuun Bpsrra 3aBHCAT OT MOIIHOCTH
AKYCTHYECKHX BOJH. M3MeHss Iar PeleTkn U ee rilyOuHY MyTeM H3MEHEHHs
YaCTOThl M AMIUIMTYJbl AKYCTHYECKOH BOJHBI, BO3MOXKHO OCYIIECTBIATH

MOJIYJISLMIO CBETA.
Dnexmpoonmuueckuil s¢hhexm 3aKITHOHACTCH B M3MEHEHUH ONTHHECKUX
CBOMCTB  HEKOTOPBIX MaTepuanos (Hampumep, HuobGara yurus LiNbO.
JIeHCTBUEM 3JIEKTPUYECKOTO T0JIsl, CO3/1aBAEMOr0 HCTOYHUKOM MOJYJIHPYHOLIErO
CHTHaIa.
DJIeKTpOONTHYECKAs ~MOMYJISAUMS  MOMKET —MPOUCXOMMTh HA OCHOBE
nmHeiiHoro 3¢ dekra [Tokkensca n HenmuHeliHoro 3¢ dexra Keppa.

14

Jlexuns 4 . IlpueMHbIe ONTHYECKHE MOYJIH
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2LOROROARHCHINOTYMHTCHCHBHOCTIY
n+

* e

Pucynok 10 - Crpykrypa pin-hoToauona

Me3k/ly TOHKMMH COAMH CHIBHO JIETHPOBAHHBIX TIOMYNPOBOJHUKOB P 1
n' THma (3HaK «+» O3HAYAET CHIBHOE JIETMPOBAHHE)  PAcIONOKeH
cnaboNernpoBaHHblii  NPOBOAHMK n-Tuna. IIpu  OOpaTHOM — HANPSKEHUH
cMelleHHs. B CIa0OJNEerHpoOBAHHOM clioe 00pasyercs OOeIHeHHas i-001acTb.
DreKTpudecKkoe ToJie COCPEeNOTOYEHO, B OCHOBHOM, B 3TOif 00pacT, T.K. ee
COTPOTHBIIEHHE 3HAYMTENLHO GOMIbILIE, YeM CONPOTHBIEHHE P 1 n' CIIOEB.

B pesynbTate nornomeHns (OTOHOB MAJAIOLIEr0 H3IyYeHHs B pin-
CTPYKType 00pa3syioTCsi SIEKTPOHHO-IBIPOYHbIe maphl. B i-oGnacti mnox
JICHCTBHEM CHMIIBHOTO 3JIEKTPHYECKOTO MOJIsl MPOMCXOIUT OBICTpOE pasieleHne
HocHTeNlell 3apafoB, uTO 0OecneuyMBaeT BBICOKYI CKOPOCTh —Mpolecca
peoGpPa30BaHMs ONTHYECKOrO H3TyUEHHs B NEKTPHUECKHiT TOK.

16

17
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OCHOBHBIE XaPAKTEPHCTHKH:
1) KsautoBas 3(pekTHBHOCTS — 1] — 9TO KO3(HUIHMEHT, YIUTHIBAIOLINIA,
YTO KaK NPABUJIO, HE BCE MOIIOMAEMbIE KBAHTHI CBETa MPUBOAT K MOSBICHHIO
14 MMITyJIbCOB TOKA. DTO OOBACHAETCA TEM, YTO JHEPrUs MOIIONIAEMOro KBaHTA
MOXKeT OBITh HEIOCTATOYHA JUTS [IEPEX0/ia IEKTPOHA U3 BAJICHTHOIT 30HBI B 30HY
TIPOBOAMMOCTH.

0,55, st A=1,5 MxMm.

2) IlocrosHHas BpeMEHM - T - XapakTepusyeT OblcTpozeiicTBue
oromona. C ee MOMOILIBIO ONPEAENSIOT WHPHHY NPOMyCKaHus HOTOAETEKTOPA.
OHa 3aBUCHT OT MOJIBIXKHOCTH HOCHTEJICH 3apsia, IMPHHbI 30HbI P-N- NIEpeXo/a,
JUIMHBI BOJIHBL.

3) TokoBas w4yBCTBHTENbHOCTb - 3T0 monHbli KIIJ] npeoGpa3zoBanus
CBETOBOI MOLIHOCTH B S/IEKTPHUECKHIT TOK.

15

S=1/P (A/Br);
S=n-q/(h-f),

TAe q-BEIMYMHA 3aps/ia HOCHTEIIS;
(h-f)- sHeprus ceera.

16

4) TeMHOBOHi TOK — 9TO TOK, NpPOTEKAIOUIMIl uYepe3 Harpysky, HpH
OTCYTCTBHH ONTHYECKOTO H3JIy4eHHs. JTOT TOK BBI3BIBAET APOOOBOIl LIyM H
OrpAaHHYMBACT UyBCTBUTEILHOCTH ONTHYECKOTO NpHEMHHKA. Bemnunza
TEMHOBOTO TOKA 3aBHCHT OT MaTephajia MOJNyNPOBOJAHHMKA, TEMIEPATyphl U
KkoHcTpykimn OJ1.

TIpOM npencrasnsior coGoii yerpoiicTso, coctosiuiee u3 GoTogeTekTopa u
TpeIBAPUTENILHOrO yeumutens. [Ipy yBelnuYeHHH JaJbHOCTH CBSI3H MOIIHOCTh
NMAJAIONIEro M3/Iy4eHHs yYMEHBIIAETCS HACTOJBKO, YTO HA BBIXOJAE YCHIMTENs
CyMMapHblii IITyM OKa3bIBA€TCs HEIOMYCTHMO GOJIBIIMM, YeM TMONe3HbIi CHIHAIL
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OCHOBHbIE XapaKTEPHCTHKH

1) KgautoBas 3(peKTHBHOCTS — 1) — 5TO KOIDDHIHEHT, YIHTHIBAIOLIMIA,
4TO KaK MPaBHJIO, HE BCE MOIJIONMAEMbIE KBAHTBI CBETA NPHBOJAT K MOSBICHUIO
HMITyJIbCOB TOKA. JTO OOBACHAETCSA TEM, YTO SHEPrUs MOIJIOMAEMOro KBAHTA
MO3KeT OBITh HEIOCTATOYHA ISl TIEPEX0/1a HMEKTPOHA U3 BAJICHTHOM 30HBI B 30HY
TPOBOIUMOCTH.

S=1/P (A/Br);
S=n-q/(h-f),

IJle ¢-BeM4MHA 3apsijia HOCHTEL
(h-f)- sHeprus ceera.

4) TeMHOBOHi TOK — 9TO TOK, NpPOTEKAIOUIMI uYepe3 Harpysky, Npu
OTCYTCTBHH ONTHYECKOTO M3JyYeHHs. DTOT TOK BBHI3BIBACT APOOOBOH IIyM K
OrpaHUYHBACT  YyBCTBHTEIHHOCTH ONTHYECKOr0 MNpHEMHHKA. Benmumna
TEMHOBOTO TOKA 3aBHCHT OT MaTephajia MONyNpPOBOJHKMKA, TEMIEPATypbl i
koHcTpykunn OJI.

ITpOM npexacrasasior coboii yeTpoiicTBo, cocrosiuiee i3 (oToxerekTopa i
pe/BAPUTENBHOrO yCHauTens. [Ipi yBeIMueHHH JaibHOCTH CBS3H MOLIHOCTH
NaJAIOMero M3Iy4eHHs YMEHBIIAeTCsl HACTOJNBKO, YTO HA BBIXOJE YCHIMTENs
CYMMApHBIi IyM OKa3bIBAETCS HEJOMYCTHMO GONBIINM, YeM IOJIE3HbIH CHIHAJL.
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Pucynox 11 - CTpykTypHas cxema ONTHYECKOr0 PHEMHHUKA
Jlekuusi 5. OnTHYECKHE YCHIHTEIH H PereHepaTopsl
Llenb nekuuu: paccMOTPETh Pa3HOBUHOCTH YCHIIUTEIE M PereHepaTopoB.
17

Jlnst nepeiaun curHana Ha GoJibIINE PAaCCTOSAHUS HEOOXOAMMO MPUMEHSATEH
YCHJIMTENIH U pereHepaTopbl. PaccMoTpuM 3TH yeTpoiicTsa.

B ofmem ciydae, pereHepaTop BBIMONHAET (YHKIHMIO YCHJICHHS
ONTHYECKOTO CHTHAJNA, M JOMOJHHUTENbHO (Tpu uudpoBoil mepenadye) MoxkeT
BOCCTAHABIMBATH (POPMY MMITYJILCOB, YMEHBIIATh YPOBEHb LIYMOB H YCTPAaHSATh
OUINOKH.

PerenepaTop MOKHO MNpENCTABUTH KaK MOCIIENOBATEIbHO COCIMHEHHBIC
NpUEMHBIIT U TIepeatoNIuii ONTHYECKHE MOTYIIH.

2033
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Yerpoicreo OnTuyeckwit

annapatypa CONpAXeHUa nepeparyuk

Mepenatowan craHuus

Ontuyeckmit Yerpoitcrso

NpUemMHUK ConpAXeHna ATRPATYPY

Mmcn

[puemas craHyma

Pucynok 1 - Crpykrypaas cxema mudpooiit OCC

Ha mpuemHONl CTaHIMM NPOMCXOAMT o0OpaTHOe mpeoOpa3oBaHKE
TNPUHUMAEMOro ONTHYECKOro CHrHaga B N TIEPBUYHBIX l.llll.‘prBHX SJIEKTpHU-
YECKHUX CHUIHAJIOB. Hﬂﬂ 3TOr0 IMOCJICAOBATEIIBHO HCIOJIB3YHOTCS ONTUYECKHUIT
NMPUEMHHUK, YCTPOWCTBO CONpPSKEHMs (JEKOJEp) M OKOHEYHas amnmnaparypa
Tunosoit MCIL.

Onruyeckue CHUTHAJIBI, PacCnpOCTPAHAIOMINECS 10 OB 3aTy 0T U3-3a
noTepep B cCamoOM Raﬁene. a TaKXK€ MNOTEpPhb 3a CHET COCAMHEHHS CTPOHUTEIIBHBIX
JUIMH Kkabenst u NOTEPb B PasbeMHBIX COCAUHCHUAX (OKOHE‘{HHE TIYHKTBI
KOMMYTalUH MOJK/IIOYEHHs anmapatypsl). Taxke Ha pacnpocTpaHsiommiics
ONTUYECKUIi CUTHAN OrpOMHO€ BIMSAHUE OKA3bIBACT JAUCIIECPCHS. Ona yBeiM4uBa-
€T LIYMbI B KaHAJIC [€pe/Javd U BbI3bIBACT KOJOBbLIC oumbku npu npueme. Ecin
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16

Kackape! Brok Uens WcTouHnk

anekTpudeckux perete Toka WanyueHns

yeunurenei pauun HaKaukn

Pucynok 12 - Cxema perenepatopa

17 Cospemennble  BbicokockopocTHble BOCII  oTimuarotcs He  TONBKO
Gonpummu ckopocTsiMu nepenaun (10 STM-64), HO M GONBIIMMH JUIMHAMH
Ge3pereHepalliOHHbIX ~ yYacTKOB. JTO  CTalo  BO3MOXHBIM  Grarojaps
TIpUMEHEHHIO onmuyeckux ycurumeneii (OY).

K ycunurensm, xoropeie ucrnonssytorcs B BOCII, npexbspisercs psan
TpeGoBaHHii:
- BBICOKHiT KOODGUIUMEHT YCHICHNS B 33JaHHOM JIHANa30He ONTHYECK

4acToT;
~  MaJble COOCTBEHHbIE LIYMBI;

- HEYYBCTBUTEJLHOCTb K IOJISPH3ALIHH;

- Xopoliee COrJIacoBaHNe ¢ BOJIOKOHHO-ONTHYECKUMHU JTHHUAMIL

- MMHHMAJIbHBIE HCKaKEHHs ONTHYECKUX CHIHAJIOB;

- GonbIIOl JMHAMMYECKHIT IMANa30H BXOJHBIX CHTHAIIOB;

- TpebyeMoe YCHJIEHHE MHOTOBOIHOBBIX ONTHYECKHX CHTHANIOB;

- JUIMTENBHBII CPOK CITyKObI.

B kauecTBe aKTHBHOIi Cpe/lbl MCTIONBL3YIOTCA MOTYNpoBoaHuKH um OB ¢
npumecaMH. B mepcriexTMBe NpEANoOnaraeTCs MCMONb30BAHHE OOBIYHOTO
BOJIOKHA, pab0TaIONIEro B HETMHEHHOM PeXHUME.

Tpunuuner  peiicteus  ykasanHelx OV  Bechma crnoxkubl. I[loatomy

18
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17

MonynpoBOAHHKC BonokoHHkle HenuHeiHkle

Pe30HaHCHIA SpbueBblid PamaHoBCkui

MpaseoanmosbIit
YeunuTens Ha mexaHuame
Geryuwei BonHe! Heoanmoseiit Manpenewramma-
- Bpunnioska
18 TynueBblid

TTepbnessiit
Pucynok 13 — Kinaccudukaims onTHIecKuX yCHInTenei

Oti HenuHelHble (EKTh JA0T BO3MOXKHOCTH MPEOOPa3oBaTh HacTh
9HEPruH MOIIHOI BOJHBI HAKaukH B Calyio CHIHANBHYIO BOJHY. IIpi Mamom
BxoznHOM curHane OV obecneunBaior ycunenne 10 40 15 Bo 2-M u 3-M OKHax
TPO3PAaYHOCTH.

'V BPMB-ycunuTeneii BBIXOJHOI CHTHAJI COCPEJOTOUEH B Y3KOM JMarnaso-
He (menbme 100 MI'm), T.e. OHM MOTYT HCHOJIB30BAaThCA IS Y3KOTOJNOCHOTO
ycuneHus, B To Bpemst kak BKP-ycunmrenu gocrarodHo mmpokononocHs! (5...10
Tlu) u MOryT MCHONB30BATHCA B CHCTEMaX BOJHOBOTO MYIbTHILICKCHPOBAHHMS
JUISl CUJICGHHS CPa3y HECKOJIBKMX CHTHAJIOB HA PA3/IMYHBIX ONTHYECCKUX HECYII
(HECKOIIBKMX BOJHOBBIX KaHanoB). OJHako GOJbIINE MEPEXOAHBIE IOMEXH
MeXJy YCHIMBAEMbIMH KaHAalaMH — CYIIECTBEHHBII Hexocrarok BKP-
YCUIIUTENE.

OcHosrbM 371emMenToM OV TpeTsero thmna seisercs OB, neruposanHOe

B o

19
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npeoGpasyercs B ONTHYECKHIA CHIHAI.
OnTiyeckuii ycunutens (pucyHok 2,6), B OTIHYHE OT pereHeparopa, He

OCYIIECTBIISET ONTO3IEKTPOHHOrO MPeoOpa3sOBaHMA, a BBINOIHAET MPSIMOE
YCHJIEHHE ONTUYECKOrO CUTHaa.

OB | Ontuueckwit | | 3nexrponrbiit | | Ontuveckwin |OB OB | Onruseckwit | OB
MPUEMHIK perewepatop | | nepeparuuk yeunurens [—

~ ol 1 AN

Bxopwon InekTpudeckme BoixogHod OnTuyeckue curHans!
onTuyeckuit CUrHanb! ONTUNECKMI
CUrHan a) curHan 6)

a) NuHeliHbIi renepatop; 6) ONTHYECKUil YCHITUTEb.
Pucy: - CXeMBbl pEeTpaHCIsILMOHHBIX YCTPOICTB

TlepoHauanbHasi (popMa CHrHANA NPH STOM HE BOCCTAHABIMBAETCS, YTO
SIBJIACTCSA CYLIECTBEHHBIM HEJOCTAaTKOM ONTHYECKOro ycumtens. OHako B paae
ClyyaeB Ha NMPAKTHKE NPHMEHEHHE ONTHYECKHX YCHIMTeNell sIBIsSeTCs BechbMa
3((hEKTHBHBIM.

TIpu moctpoennu cereil KaGeqbHOrO TENEBMACHHS NPUMEHSIOT aHAJIo-

Boie OCC, B KOTOPBIX ONTHYECKHil MEPEeJaTdMK OCYIIECTBISET Mpeodpa-

= OctosHas nekums...pdf A Mokasaruce X

18:56
N ® & 24°C Mostly cloudy ~ & @ @) 7 Pyc o0




image3.png
® @2) WhatsApp X @4 X % Mepeonauanbhas opma curkan X + v - X

C  © aiin | Dydowloads/OcHosHan%20nexims.Ormuueckue%20cncr%20cenan%208%20tenekom%20(1).pdf e » 0O o
= 4 8 /55 | — 100% + T ® ¥ &
MHHUMAJIbHBIMH.
5) IIpocToTa TEXHOMOTHH A0JIKHA 0GECTIeYNBATh HEBBICOKYHO CTONMOCTD I
BBICOKYIO BOCTIPOM3BOJMMOCTb XapaKTEPUCTHK.
6 Jlaanm  CpaBHUTENbHYIO XapaKTEPUCTHKY CBETOM3IyHarouleMy W
JIa3epPHOMY JHOLY.
Cseromsnyuatoumii anox (CHJ). Hpurnun paGorer CHJI ocHoBaH Ha
SIBJICHUH PEKOMOMHALMN HOCHTEIeli 3apsiia B aKTHBHOM CIIOE.
PexoMOMHALKs — 9TO sIBJIEHHE, NPOTHBOIMOJIOKHOE HOHM3ALMU, TO €CTb
HCYe3HOBEHHE CBOGOIHBIX HOCHTENEHi 3apsiia IIPOTHBOMOJIOKHBIX 3HAKOB IPH
MX CTOJNKHOBEHHH.
7
3 — Koncrpykuus CHJ]
9
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POBORNATONTyTOCH e Bera. Che patsierey Mo B
HANPaBJIEHASAM, 0ITOMY H3TydeHue Ha Bbixoae CHJL sBIseTcs: HeKOrepeHTHbIM
u cnaGonanpasnenssiM. [Inpuna cniektpa nanydenns Ak = 20-40 .
Jlasepuuiit 0uoo (JI[J)  sBNseTCS KOTEPEHTHBIM HCTOYHHKOM CBeTa. B
6 OCHOBE ero pabOThl JIEKHT CINOHTAHHOE WH3IydeHHEe MONYNPOBOIHHKA,
OXBAYEHHOTO 0OBEMHBIM PE30OHATOPOM.
Jlazep cocrour u3 axtuBHOI cpemsl (1), ycTpoiictBa Hakauku(2) u
Ppe30HaHCHOI cucTeMsi(3).

Pucynok 4 - Koncrpykums JIJ{

B KauecTBe akTHBHOIi Cpe/ibl B OCHOBHOM HCIIOJIB3YETCs! MOMYTPOBOAHHK.
B kauectBe ycTpoiicTBa HakaukiM — OSNMeKTpuueckas SHeprus. B kauectse
PE30HAHCHOIT CHCTEMbI — 3epKaia.

Tlon feiicTBHeM MNPHMIOKEHHOTO HANPSUKEHHS B MOJNYIPOBOJHMKE
TIPOUCXOJUT BO3DY)KIEHHE HOCHTENEH, M3-32 Yero BO3HMKAET H3JIyueHHe
CBETOBOIl SHEPrHH ¥ NOSBICHHE MOTOKA (POTOHOB. ITOT MOTOK, MHOTOKPATHO
OTpakasCh OT 3epKaj PE3OHAHCHON CHCTEMBI, 00pa3yer Ja3epHbl
OCTPOHANPABIICHHOI 1MArPaMMOii H3TydeHHS.
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Pucynok 4 - Koncrpykumst JIJ{

B KauecTBe akTHBHOII CpeJibl B OCHOBHOM HCIIOJIB3YETCs! MOJTyTPOBO/IHH
B kauectBe yCTpOiicTBA HAaKaukiM — OSNEKTpUueckas SHeprus. B kauectse
PE30HAHCHOIT CHCTEMbI — 3epKaia.

Tlon feiicTBHeM MNPHMIOKEHHOTO HANPSUKEHHS B MOJNYIPOBOJHMKE
TIPOUCXOJUT BO3DY)KIEHHE HOCHTENEH, M3-32 Yero BO3HMKAET H3JIyueHHe
CBETOBOIl SHEPrHH ¥ NOSBICHHE MOTOKA (POTOHOB. DTOT MOTOK, MHOTOKPATHO
OTpakasCh OT 3epKaj PE3OHAHCHON CHCTEMBI, 00pasyeT Ja3epHbli Jyd ¢
OCTPOHANPABIICHHO 1MArPaMMOii H3TydeHHS.

Ta6imua | - CpaBuurensHas tabnuua JIJT u CUJL

JluarpaMma HanpasJIeHHOCTH CrnekTpanbHas — XapaKTEPUCTHKA
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Pucynok 4 - CpasuurensHsie Xapaxrepuctuku CHJT u JIJ{
JluarpaMma — HampaBlEHHOCTH —  9TO  YIJIOBOE  pacmpeielieHne
9HEPreTHYecKoil SAPKOCTH (IUIOTHOCTH) H3IY4eHHs HCTOYHMKA. SIPKOCTh He
0CTaeTCs MOCTOSHHOI B MpeJieNax Mmyyka jyueil. OHa MakCHMalIbHa Ha OCH ITydKa
u yObIBaeT 10 OMNpEIEJCHHOMY 3aKOHY B HANPaBICHUAX, OOPa3yIOUIX
BO3PACTAIOLIKE YTIIBI C OChIO.
9 Cua Jia
Pucynok 5 - Jlucnepcust ONTHYECKOr0 H3TydeHust
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Pucynok 4 - CpasuurensHsie Xapaxrepuctiku CHJT u JIJ{

JluarpaMma  HAmpaBJEHHOCTH —  9TO  YIJIOBOE  pacrpesielieHne
9HEPreTHYecKoil SAPKOCTH (IUIOTHOCTH) H3IY4eHHs HCTOYHHMKA. SIPKOCTh He
0CTaeTcs MOCTOSHHOI B MpeJieNax my4ka jyueil. OHa MakCHMAlIbHa Ha OCH ITydKa
M yObIBaeT 10 OMNpEIENEHHOMY 3aKOHY B HANpaBICHHsAX, OOPa3yIOUIHX
BO3PACTAIOILNE YIJIbI C OCBIO.

8 cua Jn

[== [ &=

Pucynok 5 - Jlucriepcusi ONTHYECKOTO M3/Ty4EeHHs

Ecnu pasMepbl TMOBEPXHOCTH W3JydeHHs HCTOYHMKA OOJIblIe AHaMeTpa
cepaueBnHbl OB, wWacTh MomHocTH u3mydeHus He nomagaer B OB, a
paccenBaeTcsi B OKpyxXaromem mnpoctpancte. Ilorepn na BBome mus CHJL
cocraesitor (10-16) nb, mst T — (5-7) nb.

TloBbicuTb ((PeKTHBHOCTS BBOJA MOXHO NPH IOMOLIA ONTHYECKOrO
COIJIACYIONIEr0 yCTPOMCTBA, KOTOPOE YCTAHABIMBACTCA MEXKIY HCTOYHHKOM
usnydenus u Topuom OB. CV npencraBiser co0oli yBeIMYHTENBHYIO JIHH3Y,
KOTOpasi ypaBHHBAeT MOJNYUIMPUHY JAHArpaMMbl HANpPABIEHHOCTH HCTOYHHKA
M3MydeHns ¢ aneprypHsiM yriom OB.
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CHJIbL ‘TOKa HaKa4yKH-HHKCKUHUH, B 3aBUCUMOCTH oT M3MEHeHuit
MH(pOPMALHOHHOTO CHIHAIA.
UCTOYHUK MUCTOYHUK OnNTUYECKUA
cUrHana nanyveHus > MOAYNUPOBaHHBIA
CcUrHan
10

Pucynok 6 - ITpunHumn npsmoit MOy s

Ecnu B kauecTBe MOJY/IMPYIOLIEr0 CHTHANA HCIIOJIb3YeTCs HIeKTPHYECKHi
1u(pPOBOIT CHIHAJI, TO Ha BBIXOJE HCTOYHHKA (POPMHPYETCS ONTHYECKHH CHTHAN
C IBYMSI IMCKPETHBIMH 3HAYEHHSAMH MOIIHOCTH Prax H Prin.

Pux — COOTBETCTBYET «1» HH(OPMALHOHHOrO CHIHAMA.

Phin — cooTBeTCTBYET «0» HHYOPMALMOHHOTO CHIHAJIA.

TIpu MOZYNALMK WHTEHCHBHOCTH BBIOMPACTCS JMHEIHBIH y4acTOK BaTT-
aMIIEPHOIT XapaKTepPHCTHKH H3TydaTess.

Cursan Ha BBIXO/Ie HCTOYHHKA ONPE/ICNIACTCS BHIPAKECHHEM:

n

P =P (1+M-S(1),

e M — napamerp riryOMHBI MO JISILIHH
S(t) - MOZYIMPYIOIIMii CHTHAI

P, — nocTosiHHAasA MOMHOCTH H3J1y4EHHUS, COOTBETCTBYIOIIAsA TO
CMELIECHUS.
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